ABSTRACT Traps baited with ethyl (E,Z)-2,4-decadienoate (pear ester) or (E)-4,8-dimethyl-1,3,7-nonatriene (DMNT) in two-or three-way combinations with the sex pheromone (E,E)-8,10-dodecadien-1-ol (codlemone) and acetic acid (AA) were evaluated for codling moth, Cydia pomonella (L.). All studies were conducted in apple orchards, Malus domestica Borkhausen, treated with sex pheromone dispensers during 2010. Septa were loaded with codlemone, DMNT, and pear ester individually or codlemone with either DMNT or pear ester together (combo lures). Polyethylene vials loaded with AA were added as a co-lure. Residual analyses of Þeld-aged combo lures and weight loss of the AA co-lure were conducted. AA vials lost 50 Ð150 mg wk
The use of sex pheromones for mating disruption (MD) in pest management has continued to increase word-wide, and in particular, (E,E)-8,10-dodecadien-1-ol (codlemone) has been widely adopted by pome fruit growers for disruption of codling moth, Cydia pomonella (L.) (Witzgall et al. 2008 (Witzgall et al. , 2010 . Developing effective management programs for codling moth has been dependent upon intensive monitoring with codlemone-baited traps (Riedl et al. 1986 ). Catches of codling moth in traps are used to predict the start of egg hatch and pest population densities within orchards to improve growersÕ use of supplemental insecticide sprays (Riedl et al. 1976, Vickers and Rothschild 1991) . The importance of monitoring codling moth has increased in orchards treated with sex pheromone dispensers Brunner 1996, Knight 2007) .
Unfortunately, the precision of correlating the catch of only male codling moths in codlemone-baited traps with female moth ßight activity or seasonal population density can be poor (Knight and Croft 1991) .
The identiÞcation of pear ester, ethyl (E, Z)-2,4-decadienoate as an effective lure for both male and female codling moth gave growers a new tool to monitor adult populations (Light et al. 2001) . Catch of female codling moths in traps baited with pear ester can improve both the prediction of the start of egg hatch and the risk of fruit injury in MD orchards (Knight and Light 2005a,b) . A combination lure of pear ester with codlemone has been widely adopted because it typically outperforms standard codlemone lures in MD orchards, and action thresholds based on female moth catch have been established (IlÕõchev 2004 , Kutinokova et al. 2005 , Alston and Murray 2009 .
A number of studies have used pear esterÕs attractiveness for both male and female codling moth to develop alternative approaches to further enhance the catch of female moths. A combination of acetic acid (AA) and pear ester was found to synergize catches of both male and female codling moth (Landolt et al. 2007) . Combining the use of pear ester with AA in a clear trap increased the catches of female codling moth compared with colored traps (Knight 2010a,b) . The combined use of pear ester with AA in a clear trap was found to catch similar numbers of codling moth and sixfold more females compared with colored traps baited with the pear ester-codlemone combo lure within MD orchards (Knight 2010c) . Unfortunately, the addition of separate AA co-lure with a septum loaded with pear ester and codlemone did not increase moth catches in non-MD orchards (Knight 2010a) ; and this combination has not been tested in MD orchards.
Elucidating the impacts of various host plant volatiles on adult codling moth behaviors has been an important Þeld of research over the past 10 yr (Witzgall et al. 2008) . Recently, the glomerular structure of the antennal lobe in codling moth has been mapped, including electrophysiological recordings of individual neurons to pheromone components and 12 host plant volatiles including esters, benzenoids, sesquiterpenes, monoterpenes, irregular terpenes, alcohols, and AA alone and within blends (Trona et al. 2010a) . A remarkably complex pattern of integration was found in codling mothÕs neural processing of sexual and environmental sensory signals. Unfortunately, the correlation of antennal responses or mothsÕ responses in ßight tunnel assays to volatiles have not always been positive or consistent with Þeld trapping studies, reviewed in Knight et al. (2011) . For example among the various host plant volatiles that have been tested individually besides pear ester, only (E)-␤-farnesene has exhibited some Þeld attraction for males (Ansebo et al. 2004 ). The Þeld attraction of (E)-␤-farnesene was not enhanced with the addition of AA (Knight et al. 2011) . However, adding AA to (E)-4,8-dimethyl-1,3,7-nonatriene, a volatile that was unattractive to codling moth in the Þeld in this study, signiÞcantly increased the catch of both moth sexes compared with either compound alone; but, this combined lure caught only 40% as many moths as pear ester plus AA.
The response of codling moth to a combination of host plant volatiles, other than pear ester, with codlemone has been evaluated in laboratory bioassays, but has not been as well studied in the Þeld. Three volatiles, Ϯlinalool, (E)-␤-farnesene, and (Z)-3-hexen-ol each enhanced male upwind ßight to codlemone in a ßight tunnel (Yang et al. 2004) . Preexposure to codlemone increased the response of male codling moth to pear ester but not to (E)-␤-farnesene in a ßight tunnel (Yang et al. 2005) . Interestingly, Trona et al. (2010b) found that the addition of pear ester with codlemone reduced male ßight behaviors in 2-min ßight tunnel assays. Lures loaded with (E)-4,8-dimethyl-1,3,7-nonatriene plus codlemone did not have higher moth catches compared with codlemone lures in non-MD orchards in trials conducted in 2004 and 2009 (A.L.K., unpublished data) . Only one Þeld study has reported increased moth catches from adding a host plant volatile (other than pear ester) with codlemone and this was actually a Þve-component blend of green leaf volatiles (Light et al. 1993) . No host plant volatiles have previously been tested in combination with codlemone and AA.
Herein, studies are reported which evaluated the effectiveness of monitoring male and female codling moth with traps baited with individual components and combinations including codlemone, pear ester, (E)-4,8-dimethyl-1,3,7-nonatriene, and AA. All studies were conducted in apple orchards treated with sex pheromone dispensers in Washington State. Residual analyses of Þeld-aged lures and weight loss from vials of AA were also conduced. (West Co., Lionville, PA) . Septa were pre-extracted with dichloromethane and air-dried overnight before storage at Ϫ15ЊC. Lures were prepared by diluting chemicals in dichloromethane and adding a 100 l aliquot into the cup area of the septum. Similar volumes of dichloromethane were added three times and lures were air-dried for 24 h and stored at Ϫ15ЊC. AA lures were made by drilling 1.0 mm holes in the cap of 8-ml polyethylene vials (Nalg-Nunc International, Rochester, NY) and loading each vial with two small cotton balls and 8.0 ml of solution.
Materials and Methods

Chemicals
Field Aging and Analysis of Lures. Studies were conducted to assess both the residual content of new and aged septa lures and the weight loss from Þeld-aged AA vials. Prepared septa were pinned in groups of three spaced 8 cm apart to the inside top of red delta traps (Tré cé Inc.). Traps were hung in the canopies of linden trees, Tilia cordata Miller located at the USDA, Yakima Agricultural Research Laboratory. DMNT plus codlemone (DMNT-PH) lures were placed in the Þeld on 28 May and Þve lures were collected on days 0, 7, 14, 21, 28, 35, and 53 (20 July) . A second test was set up on 10 August and three PE-PH and DMNT-PH lures were collected on days 0, 1, 3, 7, 15, 21, and 30 (9 September 2010) . Lures collected on each date were wrapped individually in aluminum foil and stored at Ϫ15ЊC.
Individual septa were extracted with 50 ml of dichloromethane using the standard methods of Brown and McDonough (1986) . Flasks were placed on a shaker for 1 h and a 200 l sample was collected and diluted into 2 ml of dichloromethane. Three 1.0 l injections of each sample were analyzed with a HewlettÐPackard 5890 GC equipped with a Rtx-1 column (30 m ϫ 0.25 mm i.d.; Restek, Bellefonte, PA). The sampling temperature program used an initial setting of 40ЊC, with a ramping cycle of 10ЊC/min, and Þnal temperature of 250ЊC for 2.5 min. Standard dilution curves were run from serially diluted stock materials with sample concentrations from 1.0 to 12.0 g/ml.
The weight loss of plastic vials loaded with AA was measured over 19 wks from 4 May to 16 September 2010. Vials with two cotton balls were Þlled with 8.0 ml AA and weighed. Individual vials (N ϭ 8) were placed in red delta traps that were hung in the tree canopy of T. cordata. Vials were reweighed weekly. Mean daily temperatures during the trial period were downloaded from the Washington State UniversityÕs AgWeatherNetÕs ÔKonnowac PassÕ station (http://weather. wsu.edu/awn.php).
Field Trials. Lure evaluations were conducted with clear cylinder and orange delta-shaped plastic traps. Delta traps provided by Tré cé Inc. were used in all but the Þrst experiment. Delta traps (28 ϫ 20 cm) had a 20.0 ϫ 20.0 cm base and a 3.0 cm ßap at each end of the trap. The area of the trapÕs opening at each end was Ϸ65.8 cm 2 . White sticky liners were inserted over the base of traps. The clear cylinder traps were provided by Suterra LLC (Bend, OR) and were 27 cm long with a 15 cm diameter (175.6 cm 2 opening at each end). The base of the trap was shortened to 20 cm so that each end of the trap had a 3.5-cm overhang. Traps were supplied with 19 ϫ 19 clear liners coated with a proprietary dry-touch hot-melt adhesive (Suterra LLC). All septa were pinned to the inside roof of traps. The clear traps had an orange shield (5.3 ϫ 8.7 cm) positioned over the top center of the trap to shade the septum. The AA vial was inserted upright through a 2.1-cm hole at the center of the base of both trap types. All trap liners used with AA vials had a 2.5-cm hole cut in the center so they could be slipped over the cap of the vial. Traps were attached to a 1.3-m white PVC pipe in which an L-shaped arm was hung over a branch in the upper third of the canopy, Ϸ3-m (Knight et al. 2006) . Lure treatments were initially randomized at each orchard block and traps were placed in a grid with ßagged positions evenly spaced 20 Ð30 m apart. All traps were placed Ն20 m from the physical edge of orchards to minimize a potential border effect on moth catches. Moths caught in traps each week were counted and sexed in the Þeld, the trapÕs liner was replaced, and the trap was rotated to the next position in the grid. All nontargets insects larger than 5 mm caught in traps were counted during the Þrst two experiments.
Field experiments were conducted in Washington State within growerÕs orchards situated near Wapato, (46.24Њ N, 120.29Њ W) and Brewster (48.11Њ N, 119.77Њ W), and at the USDA Yakima Agricultural Research Station situated near Moxee (46Њ 33Ј N, 120Њ 20Ј W). All orchards received one or more insecticide sprays for codling moth during the season. All orchards were treated with hand-applied MD dispensers for codling moth. Orchards situated near Wapato and Moxee were blocks of mixed cultivars (ÔDelicious,Õ ÔGolden Delicious,Õ ÔGala,Õ and ÔFujiÕ) treated with 1,000 Cidetrak CM (Tré cé Inc.) dispensers ha
Ϫ1
. Orchards situated near Brewster were primarily blocks of ÔGranny SmithÕ and Fuji and were treated with 800 Ð1,000 Isomate-C Plus (PaciÞc Biocontrol, Vancouver, WA) dispensers ha
. Experiments evaluated 3Ð7 lures and were conducted for 4 Ð7 wks. Lures were replaced after 4 wks when needed. The Þrst trial was conducted with clear cylinder traps in a 2 ha block of Gala situated near Wapato from 10 May to 28 June. The two HPV-PH combo lures used alone and in combination with AA were compared with a codlemone lure. Ten replicates of each lure were tested. The second trial was conducted from 31 May to 28 June in a block of Fuji at the Yakima Agricultural Research Station and evaluated the individual HPVs and HPV-PH combo lures with the use of AA in orange delta traps. Ten replicates of each lure were included in the test. A third test was conducted in nine orchard blocks (replicates) situated near Wapato from 17 June to 23 July and compared the PE-PH combo lure as the industry standard with both HPV-PH combo lures with AA in orange delta traps. The Þnal test was split into two studies conducted in orchard blocks situated either near Wapato or Brewster from 4 August to 9 September. An array of seven lures was evaluated in the same nine orchard blocks (replicates) near Wapato that were used earlier in the season. Lures included codlemone alone, HPV-PH combo lures, HPVs with AA, and both HPV-PH combo lures with AA. A similar study was conducted in six orchards (replicates) near Brewster with the same lures included, except codlemone alone and pear ester plus AA. Orange delta traps were used in both studies.
Statistical Analyses. Data were analyzed with several statistical tests (Statistix 9, Analytical Software Inc., Tallahassee, FL). Linear regression analysis was used to Þt the residual content of DMNT and pear ester in Þeld-aged septa. Multiple regression was used to predict the weekly weight loss of AA vials as a function of the daily mean temperature during the week and the age of the vial. Covariance analysis (analysis of covariance, ANCOVA) was used to compare the regressions of the residual content of lures as a function of time aged in the Þeld. Moth catch data were analyzed with a randomized complete block analysis of variance (ANOVA). A square-root transformation was used to normalize count data before analysis. A P value of 0.05 was used to establish signiÞcance in all tests. TukeyÕs method was used to detect signiÞcant pair-wise mean comparisons within signiÞcant ANOVAs.
Results
Field Aging and Analysis of Lures. The residual content of PE, DMNT, and codlemone (PH) in septa (y) Þt signiÞcant log decay curves with the numbers of days (x) lures were aged in the Þeld (Fig. 1a, b) . Pear ester was released at a 40% higher rate than codlemone: ln (y PE ) ϭ 1.03Ð 0.037x, r 2 ϭ 0.93; ln (y PH ) ϭ 0.89 Ð 0.026x, r 2 ϭ 0.94 (Fig. 1a) . However, this difference was not signiÞcant, ANCOVA: slopes, P ϭ 0.07, and intercepts, P ϭ 0.10. DMNT was released at a nearly fourfold higher rate than codlemone in the May to July study, ln (y DMNT ) ϭ 0.90 Ð 0.064x, r 2 ϭ 0.98; ln (y PH ) ϭ 1.20 Ð 0.018x, r 2 ϭ 0.93. These regressions had signiÞcantly different intercepts, P Ͻ 0.05 and slopes, P Ͻ 0.0001 (ANCOVA). In the later study with the DMNT-PH combo lure both volatiles Þt a log decay curve, ln (y DMNT ) ϭ 0.65Ð 0.075x, r 2 ϭ 0.93, and ln (y PH ) ϭ 0.97Ð 0.022x, r 2 ϭ 0.91. DMNT was released at a threefold higher rate which was signiÞcantly different from codlemone, slopes P Ͻ 0.01, but the intercepts were not signiÞcantly different, P ϭ 0.11 (ANCOVA).
Weekly weight loss of the 1-mm AA vials varied less than threefold over the course of the season and was closely related to the mean daily temperature (Fig. 2) . The average weekly weight loss was 90.6 mg and vials loss on average 1.72 g over the entire season. Multiple regression analysis of weekly weight loss as a function of both the age of the vial (weeks) and the weekÕs mean daily temperature found that the age variable was not signiÞcant, P ϭ 0.46. A simple linear regression of weight loss (y) as a function of daily temperature (x) was signiÞcant, y ϭ Ϫ20.43 ϩ5.75x, r 2 ϭ 0.86. Field Trials. SigniÞcant differences were found for the catches of total and female moths in clear cylindrical traps (Table 1 ). The two HPV-PH combo lures with AA caught signiÞcantly more moths than the HPV-PH combo lures alone. The PE-PH combo and both HPV-PH combo lures plus AA outperformed the codlemone-alone lure. The two HPV-PH combo lures with AA caught signiÞcantly more females than the codlemone lure or HPV-PH combo lures alone. However, the HPV-PH combo lures alone did not catch signiÞcantly more females than the codlemone lure. The addition of AA signiÞcantly increased the catch of nontarget insects, and the DMNT-PH combo lure with AA caught signiÞcantly more nontargets than the PE-PH combo with AA (Table 1) .
Orange delta traps baited with either HPV-PH combo lure paired with AA caught signiÞcantly more moths than traps baited with either HPV paired with AA (Table 2) . No difference was found for female moth catch among lures. In addition, no difference was found among lures in the catch of nontarget insects, though traps baited with the DMNT-PH combo with AA caught nearly twice as many nontargets as the others.
Total moth catches were signiÞcantly higher in traps baited with either HPV combo lure plus AA compared with the PE-PH combo lure within nine orchard blocks during the Þrst moth generation (Table 3). Catches of female codling moths were significantly different and Ͼ10-fold higher with the addition of AA to either HPV-PH combo lure compared with the PE-PH combo lure alone. No signiÞcant differ- Column means followed by a different letter were signiÞcantly different, P Ͻ 0.05 TukeyÕs test.
a Grey septa lures were loaded with either 3 mg codlemone alone (PH) or with 3 mg of pear ester (PE-PH) or DMNT (DMNT-PH). Acetic acid (AA) lures were prepared with 8 ml loaded into plastic vials with a 1-mm opening.
b Nontarget catches in traps were recorded from 10 May to 8 June and included only insects Ͼ5 mm that consisted mostly of muscid ßies and occasional catches of bees, coccinelids, syrphids, and noctuids.
ences were found for either the total or female moth catches in traps baited with either HPV-PH combo lure with AA.
Few signiÞcant differences in total moth catch were found among lures tested in nine orchard blocks situated near Wapato in the second generation (Table  4) . Total moth catch was signiÞcantly lower for DMNT paired with AA than either HPV-PH combo lure alone or HPV-PH combo lure with AA. The addition of AA to HPV-PH combo lures did not increase total moth catches compared with HPV-PH combo lures alone. Similarly, HPV-PH combo lures did not outperform codlemone alone. All lures containing AA had similar and signiÞcantly greater catch of female codling moth than lures without AA.
The DMNT-PH combo lure and DMNT with AA caught signiÞcantly fewer total moths than the PE-PH combo lure with AA within orchard blocks in Brewster (Table 4) . Total moth catches were similar among the PE-PH combo and both HPV-PH combo lures with AA. Female moth catches were signiÞcantly higher with both HPV-PH combo lures with AA than the DMNT-PH combo lure. Female moth catches with the PE-PH combo and the DMNT with AA lures were intermediate and did not differ from any other lure.
Discussion
Traps baited with pear ester or DMNT in combination with codlemone and AA often had higher total and always had higher female codling moth catches than the standard use of the PE-PH combo lure in MD-treated orchards. Similar results were obtained with both clear and orange traps. Higher moth catches with these lures, especially of females, should improve monitoring of codling moth because this pest is generally managed at a low population density within orchards, and better detection of moths immigrating into orchards, especially mated females is a critical need (Witzgall et al. 2008) . Accurate knowledge of the population dynamics of female codling moth within orchards would be a useful and a more direct approach to predict the seasonal periods of oviposition and the potential risk of fruit injury (Light et al. 2001 ).
The addition of AA vials with 1 mm holes increased the catches of female codling moth from 2-to 20-fold compared with HPV and HPV-PH combo lures used alone. The weight loss of these vials was closely correlated with temperature and vials loaded with 8.0 ml easily lasted all season with an average overall evaporative loss of Ͻ2 ml. Previously, AA vials with 1 mm holes were found to increase catches of females when used with pear ester from 3-to 11-fold (Landolt et al. 2007) . Interestingly, adding similar AA vials with 3 mm holes only doubled the catch of female moths in clear traps placed in non-MD orchards and had no effect when used with orange traps baited with the PE-PH combo lure (Knight 2010a ). AA vials with 3 mm holes have a much higher weight loss (300 Ð500 mg per wk) than the 1 mm vials (50 Ð150 mg per wk), and when they were loaded with 5.0 ml they remained effective for only 12 wks (Knight 2010c) . Traps baited with pear ester and AA vials with either a 1 mm or 3 mm hole caught similar numbers of males and sixfold more females than traps baited only with pear ester in a separate trial conducted during 2010 (A.L.K., unpublished data). Further studies are needed to characterize the optimal range of emission rates of AA needed to improve the performance of both HPV and HPV-PH combo lures.
Successful management of codling moth requires sensitive traps and reliable thresholds that can minimize the occurrence of Ôfalse negativesÕ when fruit injury occurs without associated moth catch. Action thresholds based on male, female, and total moth catches in codlemone, pear ester, and codlemone plus pear ester-baited traps have been suggested for MD orchards (Gut and Brunner 1996; Knight and Light 2005a,b; Alston and Murray 2009) . Unfortunately, the occurrence of Ôfalse negativeÕ catch data are fairly common with codlemone-baited traps Light 2005b, Knight 2007 ). Previously, we have shown that moth catches in pear ester-baited traps are more closely correlated with local levels of fruit injury than similar codlemone-baited traps (Knight and Light .2) 4.7 (1.5) DMNT-PH ϩ AA 6.6 (0.7)a 0.1 (0.1) 8.0 (1.6) ANOVA (df ϭ 3, 36) F ϭ 22.60 F ϭ 1.26 F ϭ 2.23 P Ͻ 0.0001 P ϭ 0.30 P ϭ 0.10
Column means followed by a different letter were signiÞcantly different, P Ͻ 0.05 TukeyÕs test.
a DMNT and pear ester (PE) were loaded (3 mg) either alone or in combination with 3 mg codlemone (PH) into grey septa. Acetic acid (AA) lures were prepared with 8 ml loaded into plastic vials with a 1 mm opening.
b Nontargets were counted in traps during the Þrst weekly trap check on 7 June and consisted of muscid ßies. a DMNT and pear ester (PE) were loaded (3 mg) in combination with 3 mg codlemone (PH) into grey septa. Acetic acid (AA) lures were prepared with 8 ml loaded into plastic vials with a 1 mm opening.
2005b). The use of action thresholds based on cumulative total and female moth catches has allowed growers to develop site-speciÞc management programs for codling moth that have signiÞcantly reduced their costs (Knight et al. 2009 ). Catches of female codling moth has been the most common trigger in these programs for applying supplemental insecticide sprays. Thus, adopting trapping methods that can enhance female catches will require further assessments of these thresholds.
Seasonal variability in the performance of monitoring programs for codling moth is of major importance in establishing reliable thresholds based on moth catches in traps. One of the major initial concerns with the use of pear ester in monitoring codling moth was how variable its attractiveness would be among the various crops and cultivars attacked by codling moth (Light et al. 2001) . For example, pear ester relative to codlemone is most effective in walnuts and least effective in pears (Light et al. 2001) . Pear ester is also more effective in late-season cultivars of apple, such as Granny Smith (Thwaite et al. 2004, Knight and Light 2005c) and of pear, such as ÔComiceÕ . Our current study found that PE-PH and DMNT-PH combo lures with AA were both effective in a number of apple cultivars throughout the season. However, their relative attraction compared with codlemone alone was seen to vary seasonallyÑ greater early in the season (Table 1 ) and comparable late in the season (Table 4) . Unknown is whether their ability to attract female codling moths varies seasonally among cultivars. Previously the proportion of female moths caught in pear ester-baited traps did not vary signiÞcantly among apple cultivars (Knight and Light 2005c) . The effectiveness of both HPV-PH combo lures with AA should be evaluated further in apple and the major cultivars of both walnut and pear.
The equivalent performance of the DMNT-PH and PE-PH combo lures when used with AA co-lures was an unexpected result of our study. Previously, DMNT lures were found to be essentially unattractive in Þeld trials conducted in non-MD orchards (Knight et al. 2011) . Similarly, adding DMNT to codlemone had no effect on moth catches in a non-MD orchard (A.L.K., unpublished data). Using AA as a co-lure with DMNT in clear pane traps signiÞcantly increased the catch of both male and female codling moth, but only for female moths when used with orange delta traps (Knight et al. 2011) . However, moth catches in an orange delta trap baited with DMNT and AA were still signiÞcantly lower than with traps baited with pear ester with AA within a non-MD orchard. Thus the relative increase in moth catches in MD orchards achieved by adding codlemone was greater with DMNT compared with pear ester in combo lures used with AA (compare Tables 2 and 4). DMNT was released at a much higher rate than pear ester from gray septa, and thus these lures would have a shorter lifespan and would need to be replaced more frequently during the season. The longevity of DMNT lures could perhaps be improved by increasing the initial loading rate and/or by using an alternative controlled-release substrate. A second concern associated with the use of the DMNT-PH combo lure with AA is the unintended catch of nontarget insects. Adding AA co-lures to traps can signiÞcantly increase the catch of nontargets (Knight 2010a) . However, the combination of pear ester and AA did not catch greater numbers of nontargets than AA alone (A.L.K., unpublished data). DMNT is a common volatile released by many plant species (El-Sayed 2010), and why it is apparently attractive to muscid ßies when co-emitted with AA is not clear. Nevertheless, saturation of sticky trap liners can impact moth catches (Brown 1984) , and liners in traps baited with the DMNT-PH combo lure with AA would likely need to be replaced more frequently at a higher cost.
Previously, clear delta traps baited with pear ester plus AA were found to be as attractive as orange delta traps baited with the PE-PH combo lure when used in MD orchards (Knight 2010c ). In our current study, the addition of codlemone to either pear ester or DMNT when combined with AA co-lures increased total moth but not female catches. However, the proportion of females declined from 47 to 75% to 2 to 23% of the total catch when codlemone was added to these HPV Column means followed by a different letter were signiÞcantly different, P Ͻ 0.05 TukeyÕs test. a Grey septa lures were loaded with either 3 mg codlemone (PH), pear ester (PE), or DMNT alone or in combination. Acetic acid (AA) lures were prepared with 8 ml loaded into plastic vials with a 1 mm opening.
plus AA lures. One of the major difÞculties encountered while promoting the adoption of the PE-PH combo lure was growersÕ reluctance to sex moths when the proportion of females was low and thus use the beneÞts of monitoring female moths. Thus, the value in adding codlemone to the HPV lure when used with AA is not clear (Knight 2010c) .
The success of combining DMNT with codlemone and AA suggests that additional HPVs should be studied in Þeld trapping studies with codling moth. Farnesol alone was found to be attractive to male codling moths in ßight tunnel assays , Yang et al. 2004 , Knight et al. 2011 ), but not in Þeld tests , Knight et al. 2011 . Adding farnesol to codlemone did not increase male upwind ßight response (Yang et al. 2004 ). However, the combination of farnesol and AA had an additive attraction for female codling moth in Þeld trials (Knight et al. 2011 ). In comparison, (E)-␤-farnesene might not be a suitable candidate for further testing. (E)-␤-farnesene exhibited some attraction for male codling moth in the Þeld ), but this result was not repeated with clear pane or clear and orange delta traps in a later study (Knight et al. 2011 ). In addition, adding AA to (E)-␤-farnesene did not increase either male or female catches with any of these three traps. (E)-␤-farnesene-codlemone combo lures have not been evaluated; but unlike pear ester, pre-exposure to codlemone did not increase male codling mothÕs response to (E)-␤-farnesene in a ßight tunnel nor was its effectiveness increased within MD-treated orchards (Yang et al. 2005 ). The potential of developing similar multiple-component lures with other host plant volatiles, such as (E)-␤-ocimene and butanoate and hexanoate esters has been suggested, but not yet tested (Knight et al. 2011) .
